Spider toxins are molecularly diverse and some display not only a strong antibacterial effect but also exhibit significant inhibition of tumor growth and promote tumor cell apoptosis. The aim of the present investigation was to explore different antitumor effects of the spider peptide toxin lycosin-I through different pathways at different concentrations. It was found that by inactivating STAT3 pathway, high concentrations of lycosin-I induce apoptosis in prostate cancer cells and low concentrations of lycosin-I inhibit the migration of prostate cancer cells. This finding provides favorable evidence for further study of the molecular diversity of spider toxins.
Introduction
Prostate cancer (PCA) is a cancer to which men worldwide are predisposed. PCA is a leading cause of cancer-related death in men. Although various methods of treatment have been used to treat local PCA, including prostatectomy, radiotherapy, and androgen deprivation therapy, PCA can eventually progress to be a castrationresistant prostate cancer (CRPC) that has no response to current therapies.
Animal polypeptide toxins, including spider toxins, scorpion toxins, and snake toxins, have become important topics in medical research. The composition of spider venom is complex, including neurotoxic peptide, protein, and other low-molecular weight substances. Most of the spider toxins are polypeptides with three to five disulfide bonds, with specific effects on voltage-gated [1] [2] [3] [4] and ligandgated ion channels, [5] [6] [7] [8] with functions of inhibition, blocking, and excitation. Compared with other animal species, spiders, with up to 40,000 species, are the most abundant source of animal toxins. 9 Representative molecules of spider peptide toxins are diverse, and various neurotoxins, kinin analogs, and antimicrobial peptides can be isolated following improvements in isolation and purification techniques. It has been reported in recent years that compounds either isolated from the blood, such as acanthoscrurrin and gomesin, or from spider venoms, such as LyeTx I and lycosin-I, all have strong antibacterial activity. Among these, lycosin-I is a common helical antibacterial peptide isolated from tarantula venom with a hydrophilic a-helical structure. 10 Lycosin-I has antibacterial activity against fungi, Gram-negative bacteria, and Gram-positive bacteria and acts directly on bacterial cell membranes. 11 In addition, lycosin-I can effectively inhibit tumor growth in vitro.
Impact statement
The spider peptide toxin has become an important research topic. These toxins are molecularly diverse and some display not only a strong antibacterial effect but also exhibit significant inhibition of tumor growth and promote tumor cell apoptosis. Inspired by previous studies, the present study aims to investigate the effects of different concentrations of lycosin-I on the invasiveness and apoptosis of human prostate cancer cells. The findings provide favorable evidence for further study of the molecular diversity of spider toxins.
For example, 40 lM of lycosin-I is effective against seven cancer cell lines (HeLa, HT1080, H1299, A549, DU145, HCT116, and HepG2) with a lethal rate of 90%, while it has lower toxicity to three normal human tissue cell lines. 11 In three tumor models of mice (A549, HeLa cells, H1299), previous studies have shown that lycosin-I effectively inhibits tumor growth in vivo and in vitro and induces apoptosis by activating the mitochondrial apoptotic pathway. 12 Recent studies have found that drugs exert a tumor suppressor effect in different ways at different concentrations. 13, 14 For example, 1-phosphate calcium uracil (1-CP-U), a synthetic pyrimidine derivative that enhances the body's immune system and regulates renal function, with a variety of pharmacological effects including analgesia and antipyretic effect, 15 induces apoptosis of Hela cells by increasing Bax expression and inhibiting Bcl-2 expression at high concentrations (1.4 lM), whereas it inhibits the expression of MMP2 and MMP9 at low concentrations (0.7 lM), reducing the invasion ability of Hela. 16 Inspired by previous studies, the present study aims to investigate the effects of different concentrations of lycosin-I on the invasiveness and apoptosis of human PCA cells. We found that by inactivating signal transducer and activator of transcription 3 (STAT3) pathway, high concentrations of lycosin-I induce apoptosis in PCA cells and low concentrations of lycosin-I inhibit the migration of PCA cells.
STAT3 is an important member of transcriptional and activation families. The STAT3 signaling pathway is closely related to cell proliferation, differentiation, and apoptosis, leading to abnormal cell proliferation and malignant transformation, which is currently defined as oncogenic. STAT3 has been shown to be overactivated and expressed in many human and murine malignancies including leukemia, multiple myeloma, head and neck squamous cell carcinoma, multiple melanoma, breast, prostate, and lung cancers. The increase of STAT3 to abnormal expression or activity and tumor development is closely related. 17, 18 When STAT3 is activated by upstream TAK, p-STAT3 is formed and then p-STAT3 becomes a dimer, which enters the nucleus and regulates the transcriptional activity of the target gene associated with proliferation, differentiation, migration, and other actions of cancer cells. Segatto et al. reported that STAT3 and its activated form of p-STAT3 can promote tumor cell migration and invasion. In PCA cells, STAT3 not only regulates PCA tumor initiating cells [19] [20] [21] but also plays an important role in the progression of CRPC. 22, 23 This study shows that lycosin-I exhibits a concentration-dependent mechanism in which lycosin-I induces apoptosis of PCA cells and inhibits cell invasion, specifically inducing apoptosis in PCA cells at high concentration, and inhibiting the migration of PCA cells at low concentrations. Therefore, the determination of a concentration-dependent inhibition mechanism provides a theoretical basis for further clinical application of lycosin-I.
Materials and methods

Experimental reagents and supplies
Hormone-independent hormone PCA PC-3 and DU-145 cell lines (Institute of Cell Research, Shanghai Institute of Chinese Academy of Sciences, Shanghai, China); ECL Developer (GE Healthcare), DMEM high glucose medium (Gibco); other reagents (purchased from Sigma).
Cell culture
DU-145 and PC-3 cell lines were cultured in high glucose DMEM medium supplemented with 10% fetal bovine serum, cultured in a 37 C and 5% CO 2 until the cells cover the bottom of the flask. Cells were passaged for just one time and cultured. The logarithmic growth phase of cells was selected for experimental use. Cell morphology was examined under a light microscope (Zeiss, Axiovert 200, Germany).
Detection of cell activity by MTT
The cells in the logarithmic growth phase were collected, and the concentration of the cell suspension was adjusted. The cells were inoculated into 96-well plates at the number of 1 Â 10 5 cells/well, and the volume of each well was 100 lL. The cells were cultured in a 37 C and 5% CO 2 incubator until the monolayer cells covered the plate bottom, and the experimental groups were then given interventions of 5, 10, and 20 lmol/L lycosin-I for 1 d, 2 d, 3 d, 4 d, 5 d, and 6 d, respectively. The control wells (cells, drug dissolution medium with the same concentration, mediums) and zero-adjustment wells (medium) were set with each group of six complex wells. After each incubation period, 20 lL of fresh 5 g/L MTT was added to each well. After incubation for 4 h, the medium in each well was removed and 150 lL of DMSO was added and the wells were further incubated for 10 min. The absorbance (490 nm) of each well was measured using a Thermo Labsystems 352 Multiskan MS ELISA plate (Labsystems Oy, Helsinki, Finland), and the inhibition of lycosin-1 cells was calculated according to the following formula: Inhibition rate (%) ¼ (1ÀOD value of the group/OD value of the control group) Â 100%. This experiment was repeated three times.
Detection of apoptosis
For DAPI staining, the cells in the logarithmic growth phase were collected and the concentration of cell suspension was adjusted. The cells were inoculated into six wells at 5 Â 10 5 cells per well. The control group and experimental group were set at 37 C and 5% CO 2 in an incubator. After the monolayer covered the bottom of the plate, each experimental group was given an intervention of 5, 10, and 20 lmol/L of lycosin-I for 48 h, respectively. The control group received no intervention. The medium was removed, and culture was washed with phosphate-buffered saline (PBS) two times; DAPI-staining solution (Beyotime) was added away from the light and at room temperature for 15 min; the staining solution was aspirated, and then cells were washed three times in a PBS table concentrator for 5 min each time; the cells were observed under a fluorescence microscope.
Flow cytometry
The cells in the logarithmic growth phase were collected and the concentration of cell suspension was adjusted. The cells were inoculated into six wells at 5 Â 10 5 cells per well. The control group and experimental group were set at 37 C and 5% CO 2 in an incubator. After the monolayer covered the bottom of the plate, the experimental groups were given interventions of 5, 10, and 20 lmol/L lycosin-I for 48 h. The control group received no intervention. Trypsin was used to digest cells, then washed twice with PBS, and then the cells were resuspended in PBS again, stained with 5 lL of LAnnexin V-FITC and 10 lL propidium iodide (PI) in the dark, and the percentage of apoptotic cells was determined by FCM (BD, NJ, USA).
RNA purification and real-time quantitative fluorescent PCR detection
Total RNA was obtained from the cultured cells using the TRIzol reagent method (Invitrogen). Total RNA (1 lg) was reverse transcribed using a PrimeScript RT kit (Takara) to obtain cDNA as a template. Experiments were performed according to the SYBR Premix Ex TaqTM II kit (Takara) operating instructions and quantitative RT-PCR assays were performed on a 7900HT PCR instrument (Applied Biosystems). Three replicate wells were set up, and the relative expression level of mRNA was calculated using the 2-᭝᭝ triangle CT method. Primer sequences were as follows: GAPDH (Forward: GGAGCGAGATCCCTCCAA AAT; Reverse: GGCTGTTGTCATACTTCTCATGG); TIMP1 (Forward: ACCACCTTATACCAGCGTTATGA; Reverse: G GTGTAGACGAACCGGATGTC); TIMP2 (Forward: GCTG CGAGTGCAAGATCAC; Reverse: TGGTGCCCGTTGATG TTCTTC); MMP1 (Forward: GAAAGAAGACAAAGGCA AGTTGA; Reverse: CCACATCTGGGCTGCTTCAT); MM P9 (Forward: TGTACCGCTATGGTTACACTCG; Reverse: GGCAGGGACAGTTGCTTCT).
Western blot
The cells in logarithmic growth phase were collected, and the concentration of cell suspension was adjusted. The cells were inoculated into six wells at 5 Â 10 5 cells per well. The control group and experimental group were set at 37 C and 5% CO 2 in an incubator. After the monolayer covered the bottom of the plate, the experimental groups were given interventions of 5, 10, and 20 lmol/L lycosin-I for 48 h. The control group received no intervention. The medium was removed, and the cells washed three times with PBS. RIPA lysate (1 mL) containing protease inhibitor and phosphatase inhibitor was added to each well, and lysed on ice for 10 min. A cell scraper was used to collect cell debris and centrifuged at 12,000g for 15 min. The cell supernatants were harvested, and the protein concentration was determined using the BCA method. The protein lysate was placed in a metal bath for degeneration. The loading volume was calculated for each sample protein concentration and electrophoresed on 10% polyacrylamide gel (SDS-PAGE) for 1 h. The separated proteins were electrotransferred to a polyvinylidene fluoride (PVDF) membrane. PVDF was transferred into an incubation box, blocking solution added, and enclosed in a decolorization table at room temperature for 1 h. Anti-STAT3, p-STAT3, MMP9, caspase-9, caspase-3, purchased from Cell signaling Technology, Danvers, MA, USA) and b-actin (Abcam, Cambridge, UK) were incubated. Antibody was diluted to the recommended working concentration, and a PVDF membrane was placed into the antibody solution and incubated on a decolorization table concentrator in a 4 C shaker overnight. After incubation, TBST was rinsed three times for 15 min each. The second antibody was diluted to the appropriate working concentration, according to the instructions, and the PVDF membrane was put into the antibody solution and incubated on a decolorization table concentrator for 1 h. After incubation, TBST was rinsed three times for 15 min each. Immunoreactive protein bands were detected using the ECL kit.
Transwell migration test
Cell migration assays were performed using Matrigel transwell (polycarbonate membrane, 8 lm pore size). Matrigel (0.5 mg/mL) was coated on the upper chamber surface of the bottom membrane of transwell chamber, incubated at 37 C and 5% CO 2 for 30 min to polymerize and coagulate the Matrigel. The tip of a 200 lL pipette tip was cut off and fibronectin was aspirated evenly over the chamber and allowed to air dry at room temperature. Preparation of cell suspension: DU-145 and PC-3 cells were cultured in serum-free fetal bovine serum (FBS)-free DMEM medium for 24 h. Cells were harvested by digestion, washed twice with PBS, and resuspended in BSA-free serum-free medium. The cell density was adjusted and the cell suspension (2 Â 10 6 cells/mL, 100 lL/well) was seeded into the upper chamber of a transwell plate containing 0.1% FBS. In the lower chamber, 600 lL of DMEM containing 20% FBS was added, and the corresponding intervention was given according to the experimental group and the control group. Transwell plates were incubated for 24 h at 37 C in a 5% CO 2 incubator. After incubation, the culture solution was aspirated, and the adherent cells inside the upper chamber polycarbonate membrane were gently wiped with a cotton swab, rinsed twice with PBS, and fixed with 4% paraformaldehyde for 10 min; the fixed solution was aspirated off and the membrane was air-dried, and then 0.1% crystal violet dye was added into the wells and allowed to stand at room temperature for 20 min. The staining solution was gently shaken off, the wells washed with deionized water, the upper chamber was removed, the interior of the polycarbonate membrane was gently blotted with a filter paper, the upper chamber of the experimental group was placed into the new 24-well plate, decolored with 33% acetic acid; each well was filled with 100 lL of decolorizing solution in a 96-well plate, with each group of five complex wells; at the same time, the zero-adjustment wells (33% acetic acid) were set and the OD 490 nm away from the ELISA was detected.
Cell scratch test
Before the inoculation of cells, a line was first drawn evenly behind the six-well plate with a marker pen. The cells were seeded in six-well plates at a density of 5 Â 10 3 cells/well, and the experimental groups were intervened with 5 lmol/L lycosin-I and the control groups were 0 lmol/L lycosin-I. When the bottom of the wells was covered by cells, tips were used to draw a trace to form a bare area. The cells were washed three times with PBS, and then serum-free medium was added. Cells were placed in 37 C, 5% CO 2 incubator for 24 h. Under a light microscope, the distance of migration of the cells to the scratch area was measured at 100-fold magnification. This experimental method can determine the invasiveness of PCA cells. Five different migration points for each sample were chosen and the distance and average were measured.
Xenografts to construct tumor models
The experiment obtained approval for animal studies by the research ethics committee of the second Xiangya Hospital, Central South University. Female sterile eightweek-old BALB/c nude mice were purchased from Changsha Shakespeare Experimental Animal Company and housed in a specific pathogen free (SPF) animal room. The nude mice were fed on sterilized feed specially formulated for mice, free to drink sterile water, and the animal laboratory temperature was maintained at 20-25 C, relative humidity maintained at 50-70%. To test the effect of lycosin-I in mice, logarithmic growth phase human prostate cell line PC-3 and DU-145 cells were collected, and cells were resuspended in PBS to prepare a cell suspension at a concentration of 2 Â 10 7 /mL. A 1 mL syringe needle was used to gently tap the skin of the right shoulder of the nude mouse and a 0.2 mL cell suspension was injected subcutaneously to form a subcutaneous hillock. After the tumor diameter reached about 5-6 mm, 50, 100, or 200 lg of lycosin-1 was dissolved in 100 lL of saline to prepare different concentrations of the drug to be used, and for the experimental group and control group, 100 lL of drug or equivalent volume of saline was injected into the tumor. On the 28th day after the first treatment, 40 mice were euthanized to obtain a tumor for use.
Immunohistochemistry
The xenografted tumor tissue was fixed for 24 h and embedded in paraffin to make 4 lm paraffin sections. Paraffin sections were placed in an oven at 67 C for 1 h; 728
xylene II was added for 10 min, and gradient alcohol with concentrations of 100% for 2 min, 95% for 2 min, 80% for 2 min, 70% for 2 min was added. Paraffin sections were rinsed two times with PBS (placed in the table concentrator), 3 min each time, dewaxed and water treatment was performed. A certain amount of citrate buffer pH ¼ 6.0 was added to the microwave box, heated to boiling (about 95 C), and then the dewaxed hydration of tissue slice was placed in a plastic slice rack of high temperature resistance, put into the boiling buffer for 20 min for antigen recovery. Slides were removed, rinsed two times with PBS, 3 min each time (placed in the table concentrator); one drop of 3% H 2 O 2 was added to each slice, and slices were incubated for 20 min at room temperature to block endogenous peroxidase activity; rinsed two times with PBS, 3 min each time (placed in the table concentrator); slices were sealed in 5% BSA at 37 C for 20 min; 100 lL of antibody specific to human STAT3 and p-STAT3 (1:100 dilution; R & D Systems) and rabbit monoclonal antibody specific to MMP9 (1:100 dilution(1 d 100 lL of a specific antibody to human STago, IL) were added on the slices (covering tissues); slices were incubated at 4 C overnight, rinsed two times with PBS, 3 min each time (placed in the table concentrator); diluted biotinylated secondary antibody was added to the slices Figure 2 . Lycosin-I at high concentrations promoted apoptosis of prostate cancer cells. DAPI staining was performed on PCA, DU-145, and PC-3 cells that had been induced to apoptosis by lycosin-I (a, b); FCM analysis was performed on PCA, DU-145, and PC-3 cells that had been induced to apoptosis by lycosin-I (c, d); when treated with different concentrations of lycosin-I, the apoptotic rates of PCA, DU-145, and PC-3 cells (e, F) (Student's t-test, P 1 >0.05, P 2 <0.01, P 3 <0.01). ......................................................................................................................................................... ... and slices were incubated at 37 C for 20 min. Fresh 3,3-diaminophenylethyridine (DAB) solution was used for color development and slices were observed under the microscope, and timely stopped.
TUNEL staining
Paraffin sections were placed in an oven at 67 C for 1 h; xylene II was added for 10 min, and gradient alcohol with concentrations of 100% for 2 min, 95% for 2 min, 80% for 2 min, 70% for 2 min was added. Paraffin sections were rinsed two times with PBS (place in the table concentrator), 3 min each time, dewaxed and performed water treatment； One drop of 3% H 2 O 2 was added in each slice, and slices were incubated for 20 min at room temperature to block the endogenous peroxidase activity, rinsed two times with PBS (place in the table concentrator), 3 min each time; slices were performed according to the operating instructions of the TUNEL staining (TUNEL Kit, Boehringer, Mannheim) kit: Protease K (dissolve 20 lg/mL in Tris/HCl, pH 7.4 to 8.0) was added for 30 min at room temperature; manufacturer's instructions were followed with minor modifications: digested by protease K 20lg/mL for 30 min at 37 C, rinsed two times with PBS, 3 min each time (place in the table concentrator); in accordance with the operating instructions, the TUNEL reaction mixture solutions were configured (i.e. ready-to-use, away from light), i.e. TdT and dUTP mixtures, 50 lL of the reaction solution was added onto the slices, and slices were incubated at 37 C for 60 min, rinsed two times with PBS, 3 min each time; the moisture around the sample was dried and 50 lL of the transforming reagent-POD was added; slices were incubated in a humid chamber at 37 C for 30 min and rinsed two times with PBS, 3 min each time; freshly prepared diaminobenzidine (DAB) reagent was added, and slices were incubated for 5 min at room temperature, rinsed two times with PBS, 3 min each time. Slices were placed on a glass slide to observe the results.
Statistical analysis
Statistical analysis was performed using SPSS 17.0 and the data are presented as mean AE SD. Dunnett's multiple comparison test was performed using analysis of variance (ANOVA) to compare two groups or more. Student's t-test was used to compare the differences between the two groups. P <0.05 for the difference was taken to be statistically significant.
Results
Lycosin-I caused morphological changes in cells and inhibited cell proliferation in a dose-dependent manner
To investigate the cytotoxic effect of lycosin-I on DU-145 and PC-3 cells, we observed the morphological and biochemical changes of lycosin-I-treated cells at various concentrations. Microscopy showed that as the concentration of lycosin-I increased, the morphological changes of the cells became more and more significant. As shown in Figure 1(a) , DU-145 and PC-3 cells grew normally with normal spindle or oval form, and with intact cell membranes when cultured in medium without lycosin-1. When treated with lycosin-I for 24 h, there was no significant change in the cell morphology of DU145 and PC-3 cells treated with 5 lM of lycosin-1 compared with the control group. However, DU145 and PC-3 cells shrank, and shrank into a circle, when the lycosin-I levels increased to 10 lM and 20 lM, respectively.
In addition, to further confirm the inhibitory effect of lycosin-I on cell proliferation in vitro, an MTT assay was performed. The results showed that 5 lM lycosin-I tumor cells in both groups showed no significant cytotoxicity, while lycosin-1 at 10 lm and 20 lM significantly inhibited cell proliferation, and the inhibitory effect of lycosin-I was significantly dose dependent.
Lycosin-I at high concentrations promoted apoptosis of PCA cells
To investigate the cytotoxic effect of lycosin-I, the interfering cells were stained with DAPI. The results, observed with a fluorescence microscope, showed that the cells had intact nuclear and chromatin staining uniformity in the control group of DU-145 and PC-3 cells. Meanwhile, in those groups that were treated with 5 lM of lycosin-I, there was also no significant change in the morphology and staining of nuclei in these cells. Some events of karyopyknosis and chromatin deep dyeing were observed in 10 lM of lycosin-I-treated cells with occurrence of apoptosis body (shown by the yellow arrow in Figure 2(a) ). Some of the cells in the 20 lM of lycosin-I-treated cells had no intact nuclei, or were fragmented into fragments of different sizes (Figure 2(b .......................................................................................................................................................... ..
Lycosin-I with low concentrations inhibited DU145 and PC-3 migration
In recent years, different concentrations of drugs have been reported to play different roles. 22 Although lycosin-I at a low concentration has no obvious cytotoxic effects on DU-145 and PC-3, the following experiments demonstrated that low concentrations of lycosin-I inhibited the ability of PCA cells to invade. As shown in Figure 3(a) , scratch experiments demonstrated that cells in both control groups entered the scratch space after 24 h. However, the cells treated with 5 lM of lycosin-I showed significantly reduced invasiveness, with a significantly reduced mobility ratio compared with the control group (DU-145: 3.32 AE 1.63% vs. 18.32 AE 2.68%, PC-3: 6.78 AE 2.72% vs. 48.67 AE 6.73%), indicating that lycosin-I significantly inhibited the invasiveness of DU-145 and PC-3 cells (Figure 3(a) and (b) ). The results of a transwell assay showed that the membrane staining of the experimental group was weaker than that of the control group after being treated with 5 lM of lycosin-1 (Figure 3(c) and (d) ), further confirming that 5 lM of lycosin-1 significantly inhibited the migration ability of DU-145 and PC-3 cells. Next, we used real-time PCR to detect changes in gene expression associated with tumor invasion and metastasis. It was found that mRNA expression of MMP9 was significantly decreased in DU-145 and PC-3 cells when treated with 5 lM of lycosin-I, while there was no significant change in other tumor invasion and metastasis genes TIMP1, TIMP2, TIMP3, and MMP1 (Figure 3(d) ). This shows that lycosin-I could inhibit the cell migration by down-regulating the expression of MMP9.
Lycosin-I promoted apoptosis and inhibited cell migration in DU145 and PC-3 cells through inactivated STAT3 pathway
To clarify the mechanism of lycosin-I promoting apoptosis and inhibiting migration in DU145 and PC-3 cells, we examined the expressions of STAT3 and p-STAT3, caspase-3, caspase-9, and after RT-PCR verification, there was a changed expression for invading the related protein MMP9 and found that the expression of STAT3 and p-STAT3 gradually decreased with the increase of lycosin-I concentration. When treated with a low concentration of lycosin-I, the cleaved caspase-9 expression was increased compared with the control group, but the expression of cleaved caspase-3 did not change significantly. However, in the case of a high concentration of lycosin-I, the expression of cleaved caspase-3 and cleaved caspase-9 increased and showed a dosedependent increase. The highest concentrations of these proteins were detected in cells treated with 20 lM of lycosin-I, indicating that lycosin-1 could activate apoptotic signaling and promote apoptosis of DU-145, PC-3, and PCA cells at high concentrations (Figure 4(a) and (b) ). We also studied the expression of MMP9, a protein involved in invasion and migration, and found that the expression of this protein decreased with decreasing concentration (Figure 4(c) and (d) ). These results show that lycosin-I could inhibit the migration of PC-3 and DU-145 through the inactivated STAT3 pathway and promote the apoptosis of PC-3 and DU-145. However, compared with the control group, there was no significant change in the staining intensity of the TUNEL treated with low concentration, and the staining intensity of the TUNEL increased gradually with the increase of the concentration of the TUNEL under the high concentration (>100 lg). This indicated that a low concentration of lycosin-I could not induce tumor cell apoptosis, but could inhibit the migration of PC-3 and DU-145. This demonstrates that low concentrations of lycosin-I significantly inhibited the invasion and metastasis of PC-3 and DU-14 in the absence of apoptosis of tumor cells. High concentrations of lycosin-I could induce apoptosis and inhibit cell migration in vivo through the inactivated STAT3 signaling pathway.
Discussion
The incidence of PCA is higher in Western countries than in China. 24, 25 However, the morbidity and mortality of PCA are significantly increased in China due to the changes in environment and diet as well as ageing population. 26 Although the incidence in China is still low, the diagnosis of PCA is often at an advanced stage with a low survival rate. In particular, in about 13% to 72% of patients, PCA migrates to the bone marrow early in the disease and metastatic PCA cells remain dormant in metastatic organs for up to 10 years. 19 Therefore, the treatment goals of prostate cancer drugs are not only to induce the apoptosis of PCA cells but also to inhibit their early invasion and metastasis.
Spider peptide toxins have become an important topic in medical research due to their therapeutic potential. Current studies have found that lycosin-I, a peptide toxin isolated from cryptotanneus venom, not only has antimicrobial activity against bacteria and fungi but also induces apoptosis in cancer cells. 27 However, our studies found that different concentrations of lycosin-I had different effects on tumors, and that low concentrations (5 lM) of lycosin-1 significantly inhibited PC-3 and DU-145 cell invasion and metastasis in the absence of tumor cell apoptosis. Higher doses of lycosin-I (10 lM, 20 lM) caused morphological changes in PC-3 and DU-145 cells. The gaps between cells increased, cells shrank, and fixation of nuclear chromatin, with the formation of apoptotic bodies, and nuclear lysis was observed. Our studies have found that both STAT3 and phosphorylated STAT3 decreased and MMP9 expression decreased at low concentrations of PC-3 and DU-145 cells treated by lycosin-1, indicating that lycosin-1 MMP9 expression can be inhibited through the STAT3 signaling pathway to inhibit CRPC cells. In addition, in a mouse xenograft model of PCA, immunohistochemistry showed that lycosin-I can promote apoptosis in PC-3 and DU-145 cells and inhibit cell invasion through inactivation of the STAT signaling pathway.
The sustained activation of STAT3 has been found in many solid malignancies of tumors, including musculoskeletal tumors such as Ewing's sarcoma and osteosarcoma.
14,28-30 Therefore, various factors leading to the inactivation of the STAT3 signaling pathway in tumors to promote tumor cell apoptosis and inhibit tumor cell invasion and metastasis have been considered as a method for the treatment of cancer. The metastasis of a tumor is a complex process in which cells undergo a phenotypic change and migrate from primary tumors, survive in the vasculature, or lymph vessels, and settle in the transfer site. MMPs involved in this process can degrade almost all components of ECM and BM closely related to tumor cell metastasis and tumor angiogenesis. 29 This plays an important role in tumor invasion and metastasis, and previous studies have found that MMP9 and MMP2 are regulated by STAT3. 30 In general, by inactivating STAT3 pathway, high concentrations of lycosin-I induce apoptosis in PCA cells and low concentrations of lycosin-I inhibit the migration of PCA cells. This finding provides favorable evidence for further study of the molecular diversity of spider toxins. In our opinion, with the further development of purification technology and the mechanism of spider toxin activity, the clinical application of lycosin-I will further expand the research and provide a new method for the clinical treatment of tumors.
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